Emissions of polychlorinated debenzo-p-dioxins and dibenzofurans (PCDD/Fs) from the stack gas, fly ashes of steel and nonferrous productions, including iron ore sintering process (Sinter), electric arc furnace (EAF), secondary copper production (SCu), secondary aluminum production (SAl) and secondary lead production (SPb) were investigated. The concentrations of PCDD/Fs in stack gases of various sources ranging form high to low were as follow: SCu> SAl> EAF> Sinter> SPb, while those in fly ashes were: SCu> SAl> SPb> EAF> Sinter. It is worth noting that the toxic equivalency quantity (TEQ) in fly ash from SCu rotary kiln, at 40352ng TEQ/kg, was relatively higher than the value of municipal waste incinerator fly ashes. Due to the ratio of PCDF/PCDD>1 both in stack gases and fly ashes of this study, the de novo synthesis may be the dominant mechanism of formation of PCDD/Fs in those processes. For PCDD/Fs congeners profiles, 2,3,7,8-TCDF was the most abundant congener in stack gases from Sintering, SCu and SAl, while the major congeners in EAF and SPb were 1, 2, 3, 4, 6, 7, 2, 3, 4, 6, 7, respectively. The emission factors and total emission amounts of PCDD/Fs released to air from these industries were calculated. Noteworthily, the average PCDD/Fs emission factors of secondary copper and aluminum production were 2.94 and 0.291 mg TEQ/ton production, higher than those from other industries. The emission factors of Sinter, EAF, SPb were 800.1, 3160 and 4297 ng TEQ/t, respectively. For the two iron ore sintering machines, the total emission amounts of PCDD/Fs reached 100.49 g TEQ/year. Due to the high emission factors or total emission amounts, eliminating the releases of PCDD/Fs from steel and secondary nonferrous productions should attract more attentions.
Introduction
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are known to be some of the most toxic pollutants which could be produced as unintentionally produced persistent organic pollutants (UPPOPs) in many industrial processes, have attracted much attention over the world [1] . High temperature processes, such as commercial waste incineration, steel and nonferrous production, have been identified as point sources of PCDD/Fs.
In thermal metallurgical processes such as iron ore sintering and metal smelting, considerable amounts of the mass input become output in the form of stack gas, fly ash and residues, which contain a large amount of PCDD/Fs [2] . As a result of emission reduction from waste incinerator, iron ore sintering is becoming the most important emission source type of PCDD/Fs at some developed countries [3] . On the other hand, secondary nonferrous productions utilize scrap metals, usually coated with plastics, paints, oils and some other chlorinated organic compounds as raw materials which supply abundant carbon and chlorine sources to the formation of PCDD/Fs. Additionally, the PCDD/Fs formation process can be catalyzed by some metals such as copper, ferrous and zinc during the metallurgy process [4] . Consequently, metallurgy processes, particularly secondary nonferrous production have been considered as a main source of PCDD/Fs for most country [5] .
After signed the Stockholm Convention on Persistent Organic Pollutants, China makes an effort to investigate the PCDD/Fs emissions from some point sources such as municipal solid waste incinerator (MSWI), also performs a permissible PCDD/Fs emissions limit for stock gas from MSWI plants. However, because of lacking of PCDD/Fs measure organization and the high monitoring cost, researches about PCDD/Fs emission from the iron, steel and secondary nonferrous production industries are relatively less. Due to growing public concerns and further emission reduction, more detailed released inventories from these industries should be compiled.
In this paper, characteristics of PCDD/Fs in stock gases and fly ashes released from iron, steel and secondary nonferrous production factories were investigated, including iron ore sinter, EAF, secondary copper, aluminum and lead smelter in the south of China. The emission factors and total emission amounts of PCDD/Fs were estimated. Table 1 gives the basic information of these PCDD/Fs stationary emission source in this study. The two sinter machines are running in the same iron ore sintering plant, while the Sinter 2 was larger scale. Both of them have two independent exhaust gas disposal systems, one was called machine head (MH) and the other was named as machine tail (MT). The MH releases the main exhaust gas of sintering, while MT was responsible to the residual off-gas inside the sinter machine. There are two process stages in secondary copper metallurgy, SCu RK use a rotary kiln for roasting the copper containing sludge, while SCu BF was a blast furnace used for melting and refining the product from SCu RK. Similarly, secondary aluminum production needs remelting and refining processes, but the exhaust gas from two furnaces was disposed by one air pollution control system in the SAl plants of this study. All the feeding materials used in secondary nonferrous metallurgy are pre-cleaned and/or manually selected. The concentration and characterization of PCDD/Fs emission from the two secondary aluminum smelters (SAl 1, SAl 2) and secondary lead smelter (SPb) were reported in previous reference [6] , this paper estimated the emission factors and total emission amounts as a supplement. Although fly ashes from Sinter 1, Sinter 2, EAF and secondary lead metallurgy returned to furnaces for remelting without release to environment, we still investigated their PCDD/Fs emissions, excepting to understand more detail PCDD/Fs emission characterizations. 
Materials and Method

Basic information of factories
Sampling procedures
The sampling and quantification process for PCDD/Fs emission in the stack gas and fly ash samples were carried out according to the American Standard Method EPA 23A, EPA1613B and relative Chinese standard measurement procedure. Stack gas samples were collected using automatic isokinetic sampling system Isostack Basic (TCR TECORA, Italy). The sampling system consisted of a filter (silica glass microfiber thimble, Whatman), followed by a condensing system and adsorbing trap containing resin (Amberlite XAD-2, Supleco).
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C12-labelled PCDD/Fs sampling standard in nonane was spiked to XAD-2 resin before sampling. Each stack gas collected three parallel samples and the sampling time was more than 120 min respectively. The sampled stack gas volumes were normalized to the dry condition of 760 mm Hg and 273 , and denoted as Nm 3 . To ensure free contamination of the collected samples, trip blanks and filed blanks were also taken during field sampling. The fly ash samples were collected from BF and WS simultaneously and intermittently during the stack flue gas sampling.
Analyses of PCDD/F
Analyses of the stack gas and fly ash samples were similar to the US EPA-modified method 23 and US EPA method 8290 respectively. The stack gas samples (filter and XAD-2 resin) were Soxhelt extracted by toluene for 24 hours. The liquid phase was prepared by liquid-liquid extraction with dichloromethane. Then these two parts were mixed and cleaned up by multi-layer silica gel column and alumina column. Prior to the clean-up procedure, the samples were spike with a mixture of 13 C-labelled PCDD/Fs internal standard. The analyses process of fly ash samples was similar to stack gas. HRGC/HRMS measurements were carried out with an 6890 series gas chromatograph (Agilient, USA) coupled to an high resolution mass spectrometer (Waters, AutoSpec Ultima).The mass spectrometer was operated in the selected ion monitoring (SIM) mode using a positive electron impact (EI + ) source at a resolving power of 10000 (10% valley definition). The source temperature was 300 . Chromatographic separation was achieved with a DB-5MS fused-silica capillary column (60m×0.25mm i.d., 0.25 m film thickness). The toxic equivalency quantity (TEQ) was calculated using the international toxicity equivalency factor (I-TEF)
Results and discussion
PCDD/Fs concentrations and emission factors
PCDD/Fs concentrations in stack gases
The mean PCDD/Fs concentrations in the stack gases of various sources are listed in Table 2 , ranged from 0.049 to 11.28 ng/Nm 3 , while the corresponding total I-TEQ value ranged from 0.05 to 2.05 ng TEQ/Nm 3 . Most of the PCDD/Fs concentration and TEQ were nearly or lower to previous studies listed in Table 3 . The concentrations of PCDD/Fs in stack gas of various sources ranged form high to low as follow: SCu>SAl>EAF>Sinter>SPb. The PCDD/Fs released from stack gas of the two sinter machines were closed, means that the sintering capacity may have no remarkable effect on PCDD/Fs formation in sintering process. The mean TEQ in stack gas from SAl 1(2.05 ng TEQ/Nm 3 ) was the highest. This may due to the relatively impure raw materials which composed by 79% aluminum scraps. The mean TEQ of secondary copper was comparable to the value of secondary aluminum production, and higher than that of sintering processes, electric arc furnace and secondary lead production. This is probably attributable to the stronger catalytic effect of copper than other metals like ferrous and lead [16] . Due to the ratio of PCDF/PCDD > 1 in this study, the de novo synthesis may be the dominant mechanism of formation of PCDD/Fs in those metallurgy processes. Furthermore, the higher PCDFs/PCDDs of secondary copper metallurgy, as compared to other emission sources, indicates that the mechanism of copper catalyzing PCDD/Fs formation may be different with other metals. Table 4 shows the PCDD/Fs concentrations in fly ashes of this study. In general, PCDD/Fs concentrations of fly ashes were proportional with that of stack gases. The highest TEQ in fly ash was 40352ng TEQ/kg from SCu rotary kilns, which was comparable to the value reported by Ba et al [12] . The TEQ of fly ash from iron ore sinter was lowest, as 0.015-1.081 ng TEQ/kg, was much lower than the value reported by Wang et al [9] and Aries et al [17] . The TEQ values of fly ashes from two sinter plants were similar, while these from two secondary aluminum plants were quite different. This may be related to the purity of the feeding materials. The chlorinated organics in raw materials could accelerate the formation of PCDD/Fs. The rate of PCDFs to PCDDs concentration was also greater than 1, just like that in stack gases, it means that the de novo synthesis may be the dominating formation mechanism of PCDD/Fs. 
PCDD/Fs concentrations in fly ashes
Congener profiles of PCDD/Fs
Congener profiles of PCDD/Fs in stack gas
Analysis of the PCDD/Fs congener profiles helps to understand the PCDD/Fs sources and formation mechanisms. Figure 1 depicted the congener profiles of 2,3,7,8-subsititude PCDD/Fs in the stack gases of those metallurgy processes in this study. It shows that 2,3,7,8-TCDF was the most abundant congener in sintering, secondary copper and aluminum metallurgy processes, while the major congener in EAF and secondary lead metallurgy was 1,2,3,4,6,7,8-HpCDD and 1,2,3,4,6,7,8 -HpCDF, respectively. The PCDD/Fs congener profiles of secondary copper rotary kilns and blast furnace were similar; the two iron ore sinters were similar too. By contrast, the two secondary aluminum plants which used different feeding material were relatively diverse in PCDD/Fs congener profiles. The congener profile of secondary lead production was quite similar to that of municipal waste incinerator, 1,2,3,4,6,7,8-HpCDF was the dominant congener, following by 1,2,3,4,6,7,8-HpCDD and OCDF [18] . The congener distributions of PCDD/Fs in this study were quite different with foreword reports [7~15]. 
Emission factors and emission amounts released to air
Emission factors and emission amounts form these plants were calculated. For emission factors and total emission amounts released to air calculation, the following formulas were used to define the data of PCDD/Fs. Table 5 shows the emission factors and emission amounts released to air from these metal production processes. Regrettably, the average PCDD/Fs emission factors of secondary copper and aluminum production were 2.94 and 0.291 mg TEQ/ton production, much higher than that of previous reports [12] . The values were greater than class 1 emission factors of the copper industry (800 g TEQ/t) and aluminum industry (100 g TEQ/t) published in UNEP PCDD/Fs Toolkit 2005. That may be resulted by the high impurity raw materials which containing many organic compounds, also affected by the low input-output productivity of secondary copper production. For iron ore sintering process, the average emission factor was 800.1 ng TEQ/t, close to class 3 (0.3 g TEQ/t) of iron ore sintering plants. While the mean total emission amount of sintering process was 50.25g TEQ/yr due to its vast stack gas emission volume. Both emission factors of sintering process and EAF were comparable to that reported by Wang et al [9] . The emission factor of secondary lead production was 4,297 ng TEQ/t, higher than that reported by Ba et al (646.05 ng TEQ/t), but comparable to the lever of lead production from PVC/Cl 2 free scarp, some APCS of Toolkit 2005. Due to the high emission factors or total emission amounts, eliminating the releases of PCDD/Fs from steel and secondary nonferrous productions should attract more attentions.
Conclusion
Emission of PCDD/Fs from the secondary steel and nonferrous metallurgies in south china was evaluated in this study. The concentrations of PCDD/Fs in stack gases of various sources ranging form high to low were as follow: SCu> SAl>EAF> Sinter>SPb, while those in fly ashes were: SCu> SAl> SPb>EAF> Sinter. The average PCDD/Fs emission factors of secondary copper and aluminum production were 2.94 and 0.291 mg TEQ/ton production, higher than those from other industries. Due to the high emission factors or total emission amounts, eliminating the releases of PCDD/Fs from steel and secondary nonferrous productions should attract more attentions.
